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Introduction

Various coatings and coating processes were
evaluated in a program aimed at improving the
hydrolytic stability of reticulated polyurethane
baffle material [1]. This material is used in fuel
tanks of aircraft and ground vehicles such as racing
cars to prevent sloshing of fuel and thereby reduce
explosion hazards. The most commonly used foam
of this type is hydrolytically unstable and, depend-
ing on the environment in which it is used, gradually
degrades over a 1 to 3 year period.

Potential moisture barrier coatings which were
evaluated include Parylene, epoxy-polysulfide, poly-
ether-based polyurethanes, polysulfides, polyolefin
rubbers, and several other materials. The greatest
improvement in hydrolytic stability was provided
by Parylene coatings of 0.2 mil (5 X 10 cm) or
greater thickness, and the second best coating, in
terms of hydrolytic stability, was Astrocoat 8000, a
polyether-based polyurethane.

Discussion

Parylene—Two types of Parylene (Types N and
C) were examined during the course of this pro-
gram, but only one (Parylene C) [2, 3, 4] received
extensive evaluation. The polymers are deposited
from the gaseous state by heating dichloro-p-cyclo-
phane (Type C) or p-cyclophane (Type N), both
products of Union Carbide Corp. to 680°C in a
heated zone of a vacuum chamber at a pressure of
about 100 um. Gaseous molecular fragments gener-
ated in this pyrolysis subsequently deposit and
spontaneously polymerize on all objects in the
chamber. Because these fragments are gaseous, they

* Prepared for presentation at the Society of Plastics Engi-
neers 32nd Annual Technical Conference, May 13-16,
1974, San Francisco, CA.

penetrate deeply into the interstices and pores of
the baffle material structure, thus providing virtu-
ally pore-free coated surfaces.

To evaluate the Parylene-C-coated foam, tensile
test specimens were coated to various thicknesses
between 1 X 107* cm and 10 X 107 cm. The speci-
mens were subsequently placed in a humidity cham-
ber at 185°F (85°C) and 95% relative humidity
(R.H.). At periodic intervals (approximately 3
days), triplicate samples of the tensile test speci-
mens were removed and tested for tensile strength
and elongation. The results of these tensile tests are
illustrated in Figure 1. It is readily seen from this
illustration that marked improvement in hydrolytic
stability is achieved with the 5 X 107% and 10 X
107 cm coatings. The 1 X 107 cm coating provided
no protection since these thinly coated specimens
were essentially equivalent to uncoated foam speci-
mens. Elongation test results are shown in Figure 2.
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Figure 1. Results of hydrolytic stability tests on Parylene-C-
coated foams:

Hydrolytic stability tests were also performed at
160°F (71°C) and 95% R.H. In these tests, the
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Figure 2. Elongation of Parylene-C-coated foams after
humidity exposure.

baffle material samples had a 0.2 mil (5 X 10* ¢m)
Parylene-C coating. Here also the superior perfor-
mance of the coated foams is evident. Results of
these tests are shown in Figure 3.
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Figure 3. Results of hydrolytic stability tests on Parylene-C-
coated foam at 160°F (71°C).

After demonstrating that improved stability was
provided by the Parylene-C coatings, several large
cylindrical foam sections (20 ¢cm diam X 20 cm
high) were coated and the coating thickness was
determined in various portions of the cylinders. In
one of these, it was found that the coating thickness
varied from 1 to 2 X 107% cm, with the thinner
coating in the center of the cylinder, whereas in the
second cylinder the thickness varied from 5 to 12 X
10* cm. This was determined by weight difference
and microscopic examination. Neither variation was
considered excessive and thus the coating process
was deemed satisfactory for commercial practice.

Subsequently, physical property measurements
and fluid compatibility tests were made in accor-
dance with Military Specification MIL-B-83054. The
specimens examined had 6.3 = 1.2 X 10 cm of
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Parylene-C (~10% by weight) and the results of
these tests are shown in Table 1.

Compressive modulus tests were also performed
on the Parylene-C-coated baffle material; these
results are shown in Table 2. The added rigidity
provided by the coatings is considerably greater
than that desired. For example, at a 65% deflection
load, the modulus increase was 123% compared to
the allowable 50% increase.

It is evident from these data, as well as the data
in Table 1, that Parylene-C-coated foams can meet
all of the military specification requirements except
the target modulus requirement. Other applications
could, of course, utilize the higher modulus foams
without specification changes. It is also to be noted
that the entrained solids test showed that the coated
foam had an excessive amount of entrained solids;
however, there is little doubt that this could be
remedied if the foam were rinsed prior to and/or
after coating. This extraneous matter could be
rinsed with suitable solvent and then dry air blown
through the foam.

As pointed out in the subsequent discussion,
Parylene-N-coatings were effective at lower thick-
nesses where the modulus increase was very much
reduced.

Tests on Parylene-N-coated baffle material were
limited to one set of humidity exposure tests. The
results (Figure 4) were extremely promising, even
though the baffle material had only 0.06—0.08 mil
(1.5-2.0 X 10°% cm) coating, its ultimate strength
after 20 days in the humidity cabinet was equivalent
to that of the 0.4 mil (10 X 10% cm) Parylene-C-
coated foam. The Parylene-N-thus warrants further
and extensive study.

Polyurethane Coatings—Baffle material cur-
rently in use is produced from polyester-based poly-
urethane, and it is because of this that its hydrolytic
stability is relatively poor. Polyether-based polyure-
thanes generally have better hydrolytic stability,
and thus it was apparent that the evaluation of such
coatings was warranted. In addition, “aliphatic”
polyurethanes derived from hexamethylenediiso-
cyanate are also more resistant to hydrolysis, and
thus a coating of this type also was selected for
evaluation.

The two polyether-based polyurethanes studied
were Astrocoat 8000 [5], a rain-erosion coating
from Olin Corp., and Churchill 1600H from
Churchill Chemical Co., whereas the ‘“aliphatic”
polyurethane studied was Alpha 841 from Baker
Chemical Co. Humidity exposure tests (at 85°C,
95% R.H.) on baffle material coated with these
polyurethanes showed that Astrocoat 8000 was the
best of these.

These results (Figure 5) made it quite evident
that the Astrocoat coatings were very effective, but
not as effective as Parylene. Furthermore, the Astro-
coat thickness was 5—10 times as great as the re-
quired Parylene coating thickness. In this study, the
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A

first Astrocoat curing agent evaluated was “MOCA”

Table 1. Results of Fluid Compatibility Tests and Physical Properties of Parylene-C-Coated Foams

TEST PARAGRAPH,

-
Foam Specifications

RESULTS

Test in MiL-B-83054 Parylene-C-Coated Foam
Density 4.7.2 50.4 kg/m?® maximum 33.1 kg/m?
Tensile strength 4.7.2 103 X 10° pascals > 200 X 10® pascals
Elongation at break 4.7.4 250% minimum > 300%
Compressive modulus 4,7.7 50% maximum increase over See Table 2
uncoated foam

Fluid displacement 4.7.8 4.5% maximum | 1.9%
Fluid retention 4.7.9

a. JP-5 4.5% maximum 1.3%

b.H,0 4.5% maximum 0.8%
Extractable material 4.7.11 3.0% maximum 1.6% ave. weight gain
Volume swell 4.7.14 5.0% maximum 0
Entrained solids 4.7.17 396 mg/m? maximum 630 mg/m?

Table 2. Results of Compressive Modulus Tests on Parylene-C-Coated Foam

25% DEFLECTION

65% DEFLECTION

80% DEFLECTION

€ 9
EXPOSURE PERIOD, days

LOAD LOAD LOAD
g/cm? Increase, g/em? Increase, g/ecm? Increase,
Material (ave. of 2) % (ave. of 3) % (ave, of 3) %
Uncoated 86 - 177 - 536
Parylene-C 127 47 395 123 1791 235
Coated
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Figure 4. Humidity tests on Parylene-N coated baffle 20k
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Figure 5. Results of humidity exposure tests on poly-

urethane-coated foams.

[methylene-2, 2'-bis(chloroaniline)], a product of
‘ DuPont; however, due to its reported carcinogenic
| activity, work on MOCA was terminated and a new
Olin catalyst was evaluated. This new catalyst
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(8100) also provided coatings with superior hydro-
lytic stability and, consequently, the substitution
appeared to be quite acceptable for this application.

After passing these initial hydrolytic stability
tests, the physical properties of Astrocoat-coated

baffle material (bearing 42% by weight of coating)
were measured and the results were compared to
Military Specification MIL-B-83054 requirements.
The comparisons are shown in Tables 3 and 4.

-

Table 3. Physical Properties of Astrocoat-Coated Foam

ASTROCOAT 8000
WITH 8100 CURING

. AGENT, 42%
«  TEST FOAM SPECIFICATIONS* BY WEIGHT
Density 50.4 kg/m3® maximum 49,5 kg/m?
Tensile strength 103 X 10® pascals minimum > 180 X 103 pascals
Elongation at break 250% minimum > 300%
Compressive modulus 50% maximum increase allowed See Table 4
over uncoated foam
Fluid displacement 4.5% maximum 2.2%
Fluid retention
JP-5 fluid 4,5% maximum 1.1%
H,O 4.5% maximum 1.8%
Extractable materials 3.0% maximum 1.5%
Volume swell 5% maximum o]
Entrained solids 396 mg/m?® maximum 823 mg/m?

*For specific Military specification paragraph references, see Table 1.

Table 4. Compression Modulus Data on Astrocoat-Coated Baffle Material

25% DEFLECTION

65% DEFLECTION 80% DEFLECTION

LOAD LOAD LOAD
g/em? ° Increase, g/cm? Increase, glem? Increase,
Material {ave, of 3) % {ave. of 3) % (ave. of 2) %
Uncoated 86.2 - 77 — 536 -
Astrocoat- 114 32 218 23 779 45

coated

Results of these tests showed that all of the
requirements of the military specification could be
met by the Astrocoat-coated baffle material. Thus,
although such coatings are inferior to Parylene coat-
ings as far as hydrolytic stability is concerned, they
are less rigid and do not create a need for the relaxa-
tion of the low modulus requirement.

Rubber-Based Coatings—Various other coatings
were also evaluated in the course of this investiga-
tion. These included carboxyl-terminated and
mercaptan-terminated butadiene acrylonitrile
rubbers, butadiene acrylonitrile latex, polysulfides,
and epoxy-polysulfides. The mercaptan- and car-
boxyl-terminated butadiene acrylonitrile rubbers of
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greatest interest were those which contained the
greatest proportion of acrylonitrile, since the acry-
lonitrile provides the needed fuel resistance. Thus,
both of the curable liquid copolymers (Hycar from
B. F. Goodrich) and the rubber latex (Chemigum
248 from Goodyear Corp.) were copolymers with
27% acrylonitrile.

Hycar liquid rubbers, or more specifically
mercaptan-terminated butadiene acrylonitrile
(MTBN) and carboxyl-terminated butadiene acry-
lonitrite (CTBN), received extensive evaluation. In
one series of experiments, the rubbers were copoly-
merized with Epon 828 epoxy resin (Shell Chemical
Co.) using amine catalysts [6, 7 & 8]; however,
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coatings of this type provided no protection. Air-
-cured MTBN coatings in which the cure was cata-
lyzed by organometallic catalysts also provided no
protection. A minor degree of moisture protection
was provided by Epon 828 CTBN formulations
which were catalyzed by a chromium dimethyl-
salicylate catalyst, but the margin of improvement
was not great enough to be of any consequence.

Results of these rubber-based coating studies
were obviously unsatisfactory, and thus studies of
these materials were terminated.

Efforts made to utilize the rubber latex were
unsatisfactory because of the numerous coats which
were required. When the concentrated latex (con-
taining 56% solids) was used, it frothed badly and
closed the pores of the foam structure. Frothing was
prevented when dilute latexes were used (~ 10%
rubber), but then it became necessary to apply 6 to
10 coats, with drying after each application. Not
only was this too repetitive and cumbersome, but
also the coated foams made by the process showed
no improvement in hydrolytic stability.

Polysulfides—Polysulfides were evaluated in var-
jous ways. In some experiments they were oxida-
tively (air) cured on the reticulated foam after the
addition of an organometallic catalyst, such as tin
octoate, in various concentrations. Although excel-
lent uniform coatings of this type could be made
and applied from toluene varnishes, the coated
foams invariably were less hydrolytically stable than
uncoated foams. Similar problems were encountered
when the polysulfides were cured with MnO,, or
MnO, + dinitrobenzene. In both cases, the coated
foams proved to be more hydrolytically unstable
than uncoated foams.

For these studies, polysulfides of various molec-
ular weights were examined, as shown in Table 5.

Table 5. Properties of Polysulfides

POLYMER MW, MERCAPTAN CROSS-

CONTENT, % LINKING

AGENT, %
LP-3 1000 6.6 2.0
LP-12 4000 1.75 0.1
LP-32 4000 1.75 0.5
LP-31 8000 1.1 0.5

The higher molecular weight polymers were of inter-

est because it was anticipated that they would cure

faster and with less catalyst; this proved to be the
case.

The organometallic catalysts utilized in the
study, except for the Nuocure 28 from Metal &
Thermite co., were paint driers produced by Cin-
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cinnati. Milacron Inc. and included the following:

. Advadry (12% Co)

. Advadry (9% Mn)

. Advadry (36% Pb)

. Nuocure (28% Sn)

. Lead Octoate (24% Pb)

. Manganese Octoate (6% Mn)
. Cobalt Octoate (6% Co)

. Zirco drier (12% Zr)

Of these, the Advadry (12% Co naphthenate) and
Nuocure 28 proved to be most effective in the con- .
centration range of 2% to 5% and, when activated
by 1,10-phenanthroline, tack-free films were ob-
tained after the coatings set in air for about 2 hours
at ambient temperature.

Poly sulfide-TDI—Copolymerizable polysulfide
tolylenediisocyanate (TDI) mixtures were also eval-
uated using very low concentrations of tin octoate
to promote cure (0.5% Nuocure 28 = 0.14% active
catalyst). In these cases, water in the air was the
effective curing agent. Here again excellent coatings
could be produced from varnishes, but again the
coated foams were more hydrolytically unstable
than was the uncoated foam. Catalyst concentra-
tions up to 1% Nuocure were studied, and concen-
trations below 0.5% were found to be insufficient to
promote cure. Both LP-12 and LP-31 were cured in
this manner and both provided void-free coatings
when 5%—20% theoretical excess of tolylenediiso-
cyanate was used.

Epoxy-Polysulfides—Coatings were also pre-
pared from epoxy-polysulfide mixtures, and the
copolymerizations were catalyzed by amines such as
benzyl-dimethylamine and tris(dimethylamino-
methyl) phenol. Uniform coatings of this type were
applied very effectively from toluene-butanone
varnishes, but these coated foams aiso had reduced
hydrolytic stability. In this case, the increased rate
of degradation was attributed to amine-catalyzed
hydrolysis of the foam substrate. This conclusion
was supported by the observation that the more
basic the amine the more rapid was the degradation.

00 <1 O\ Wt B DN =

Conclusions

It was concluded from these studies that vapor-
deposited Parylene coatings and Astrocoat 8000
coatings could effectively increase the life expec-
tancy of reticulated polyester-based polyurethane
baffle material, and coatings of these types thus
warranted consideration as potential solutions to
the degradation problem. Curves showing the results
of hydrolytic stability tests on the best materials are
shown in Figure 6. Also included in this graph is a
plot of uncoated-foam data.
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